The Ekman-Taylor problem for the planetary boundary layer is solved in the case of a thermal wind which varies linearly with height. The upper boundary condition is a vanishing ageostrophic wind, while the lower boundary condition is continuity of the stress vector across the interface between the planetary boundary layer and the surface layer. The latter condition is used to determine the magnitude and the direction of the wind at the bottom of the Ekman layer.
Introduction
The classical solution for the Ekman layer is normally obtained under a number of simplifying assumptions :
A. The pressure force is constant with height; B. The kinematic eddy viscosity is constant; and C. The total acceleration vanishes. The resulting flow is thus the one which will exist under a balance between the constant pressure force, the Coriolis force and the force of friction.
An important part of the complete solution is the imposed boundary conditions. One of the commonly used conditions is that the a-geostrophic wind vanishes at great height. The boundary condition at the bottom of the Ekman layer is more uncertain. If it is assumed that the Ekman layer reaches all the way to the ground, one may impose the condition that the horizontal velocity vanishes at the ground. Such a condition is often used in classical studies of the Ekman layer, but it is also made in more recent studies (Mahrt and Schwerdtfeger, 1970) . Another commonly used boundary condition is based on the existence of a surface (Prandtl) layer in which the stress is constant with height and the vertical shear of the horizontal wind is parallel to the wind itself. The lower boundary condition is then the requirement that the stress vector is continuous at the internal boundary between the Prandtl and the Ekman layers.
This boundary condition is normally divided in two parts: continuity in direction and continuity in magnitude. While the first part of the boundary condition readily leads to the determination of one of the integration constants, it is more difficult to satisfy the second part. The reason is that we do not have a good theoretical relation between the magnitude of the horizontal stress and the wind speed under general conditions of thermal stratification in the surface layer. If the lapse rate is adiabatic (neutral stratification), we know that the stress is proportional to the density and the square of the wind speed with the drag coefficient as the proportionality factor. Such a relation is also assumed if the stratification is non-neutral, but it must then be kept in mind that the relation is of an empirical nature.
In view of these difficulties, it is often decided (Taylor, 1915 (Taylor, , 1916 to let the remaining integration constant, normally expressed as the angle a, between the wind at the bottom of the Ekman layer and the geostrophic wind, remain undetermined. However, if we adopt the empirical relation between the stress and the wind, it is relatively straightforward to calculate cxO. Values of Q, around 20" are obtained for reasonable values of the drag coefficient and the kinematic eddy viscosity.
Numerous investigations of the Ekman flow have been made under somewhat more general conditions than those stated above. Godske ef al. (1957) , give an excellent survey of such investigations. It is, for example, relatively easy to replace condition A which says that the geostrophic wind is constant with height by a linear variation with height of the geostrophic wind. Keeping assumptions B and C, one obtains readily the formal solution, but it becomes cumbersome to satisfy the lower boundary condition if we require continuity in the stress vector. The angle CZ,, will now depend on the magnitude and the direction of the thermal geostrophic wind.
The purpose of the present paper is to present the solution to the problem just stated. The mathematical solution is certainly neither new (see MacKay (1971) in addition to other papers) nor difficult, but we shall put special emphasis on the variation of LY,, with regard to the parameters of the problem and on the vertical velocity, divergence, and vorticity in the boundary layer, where the baroclinicity has been incorporated through a simple linear variation of the geostrophic wind with altitude. It is realized that while the qualitative analysis of the baroclinic effects appears correct, the quantitative results depend heavily on the simple model.
The Formal Solution
The geostrophic wind will be assumed to vary according to the formula ve = v#J + vg-2 (2.1) where vgo is the geostrophic wind at the lower boundary, vr the geostrophic thermal wind, and z is height.
The equations for the Ekman flow are a2u f -+ K (u -U#O -t+z) = 0 dZ2 g -; (IJ -ugo -urz) = 0 (2.2)
